Recently, software quality issues have come to be seen as an important subject as we see an enormous growth of agencies involved in software industries. However, these agencies cannot guarantee the quality of their products; thus leaving users in uncertainties. Software certification is the extension of quality by means that quality needs to be measured prior to certification granting process. However, building accurate certification model is hard due to the lack of data in the domain of software engineering. This research participates in solving the problem of evaluating software quality by proposing a model that uses a fuzzy inference engine to integrate both of the processes-driven and application-driven quality assurance strategies. The key idea of the suggested model is to improve the compactness and the interpretability of the model's fuzzy rules via employing an ant colony optimization algorithm (ACO), which tries to find a good rule description by set of compound rules initially expressed with traditional single rules. The proposed model is an adaptive one that can be seen as taking certification models that have already been built from software quality domain data and adapting them to context-specific data. The model has been tested by a case study and the results have demonstrated feasibility and practicality of the model in a real environment.
Introduction
The past decade has seen the speedy development and diffusion of software that has become very essential in everyday life; thus the quality of the software is a large concern, vital and critical. IEEE defines software quality as the fitness for use of the software product and to conform to the requirements and to provide useful services [1] . Software firms are competing to produce software that is claimed to be good and fulfill user's expectation and requirements. As a general rule, quality is in the eye of the beholder because different people may view quality in their own perspectives. Software quality assurance affects both immediate profitability and long-term retention of customer interest.
In the previous generation of software development, software quality is measured through static assessment of code's structure. Expediently, a new development generation realizes that software quality is more than just static features; it should also comprise non-functional, behavioral and human aspects [2] . People who are involved in software such as users, developers are becoming more concern on the other aspects or views of quality. As a rule, a good software development processes do not guarantee the excellent systematic framework. At the same time, there are no guidelines on how to provide an overall assessment of quality rather than focusing on the user view of software. There is an extra issue that relates to the quality; there are priorities between attributes that require assigning weight (by the owner) to reflect the business requirements. In ISO 9126 all attributes are equally important [5] . Reader looking for more information regarding the survey and state-of-the-art software certification models can refer to [14] . The related works strengthen the demand for better quality evaluation and certification that can be formed to ensure that users will be getting software packages that meet expected and contracted quality.
Recently, fuzzy logic-a mathematical tool for dealing with imprecision and information granularity-is used in many software development applications [15] - [17] . For instance, Seth, K. et al. [15] proposed a fuzzy rule based model for guessing the efforts in selecting commercial-off-the shelf software components. This model considers five factors that affect the selections efforts as input to the fuzzy system and provides a crisp value of selection efforts using the rule base. The authors in [16] introduced four integrated parameters to measure software maintainability using a fuzzy model. Still, there are some limitations of fuzzy logic-based software development; the most important of which is that the knowledge does not always completely exist and the manual tuning of all the base parameters takes time. Also, the lack of portability of the rule bases when the dimensions of the software scale change make the difficulty still more serious. To cope with these problems, the fuzzy rule learning (FRL) method has been introduced [18] .
Major Line of the Work
Although, different techniques and third party tools have been proposed in the past for software certification procedure, but to the best of my knowledge no certification scheme automatically handles both of the priorities between attributes and the compactness of the rule bases inside a sort of systematic fuzzy rule learning framework. In comparison with state-of-the-art certification models that require assigning weight by hand to reflect the business requirements; the weight values defined in the suggested model are based on bio-inspired computation that formulates software engineering problems as optimization problems and applies meta-heuristics techniques (genetic algorithms and ant colony optimization) to solve them.
The goal of this paper is to present a fuzzy rule based-software assessment model for developing a software certification application. This model specially considers the problem of combining multiple attributes from direct and indirect measurements to obtain global systematic quality with the aim of improving certification accuracy. The combining strategy is based on matching score, where the measurements generated by the individual attributes are averaged using fuzzy sets and the results is then used in certification evaluation. In this contribution, the proposed model utilizes an ant colony optimization algorithm (inspired from the ant' pheromone trial following behavior) as a way of facing the FRL problem [19] . To do so, the FRL problem will be formulated as an optimization problem and the features related to these kinds of algorithms -such as heuristic information, fitness function, and pheromone updates-will be engaged.
The outline of the remainder of this paper is as follows. The second section describes the proposed framework for software certification. The test results and a discussion are shown in Section 3. A short summary of this paper and an outlook of future works are given in Section 4.
The Proposed Certification Model
The certification model defined in this research is an intelligent tool to support and manage both of process and product quality perspectives. It also provides a mechanism for monitoring of quality and continuous improvement of software quality throughout its life cycle. For certification two types of input are required: 1) one or more software artifacts. The model does not consider only the final software product (the source code or working system), but also intermediate deliverables like user requirements and detailed design, and 2) one or more properties of these artifacts that are to be certified. These properties can be of one of the following categories: consistency, functional, behavioral, quality, and compliance. The model has been developed underpinning the hypothesis that software assessment can be estimated with the help of fuzzy model. The implementation of the model is divided into four stages as sketched in Fig. 1 . The following subsections describe the details of the model. 
Software Quality Factor
Given the candidate software product to be assessed that is prepared to be delivered to clients, information on the development process is collected by reviewing all manufactured articles produced during development stages. The first component of the proposed model is the software quality factor. It defines what to be measured in this model. Users may select their motivating quality attributes to meet their clerical requirements, which offer flexibility in the certification exercise. The model's quality factor includes process quality factor (PQ) and product quality factor that divides into behavioral attribute (BQ) and impact attribute (IQ).
The process quality factor identifies factors that affect the quality of the software process in practice. These factors are [7] [8] [9] : 1) Process (Pr): measures the durability of the basic process activities; development, management and supporting; 2) People(Pe): measures in terms of team's skill, experience, and knowledge;
3) Environment (E): measures the comfortability and safety concerns in the workplace; 4) Technology (T): measures in terms of procedure, tools, and techniques, and 5) Condition (C): the aspect of quality that measures the time delivery and budget. Formally, the software quality based on the development process factor is a function of the previously introduced factors, plus an error term,  that represents a quality portion in which the utilized factors can't define:
The behavioral attribute is defined as the external quality feature of the software. It is derived from ISO 9126 model such as functionality, usability, portability, integrity, etc. [5] . In this model, each attribute is made up several metrics that show the measurement aspects of the attribute. Note that, the quality features defined in ISO model are generic attributes that require some customization for a particular case. The quality of software based on behavioral attribute can be formulated as ( i A is the set of n product attributes):
The impact attribute refers to the human side of quality towards the product and measures the conformity of the software to the user requirements. These attributes are important to balance the quality model between the technical assessment of software and human factor. The impact attributes are decomposed into two distinct sub-attributes: (1) user perceptions (Up), where the metrics include assessing of popularity, performance, environmental adaptability, and trustworthiness; (2) user requirements (Ur), in which the metrics contain user acceptance and satisfaction. The impact factors defined in this model are based on findings from previous empirical study discussed in [8] , [20] . This attribute can be written as:
in summary, the total formulation of the quality of a software product is characterized as a linear equation as follow:
Measurements Module
Because the software development process activities' documentation is usually written in human readable format, the metrics that have been defined for process quality factor require manual analysis. For that reason, the measurements used for both impact attributes and process quality metrics are Likert scale of 1 to 3 based on joint outlook among assessment team members, including user, developer and independent assessor (must be an expert in software engineering and software quality). Likert scale is defined as something that we measure the satisfaction based on perception (questionnaire) [7] . This technique presents a set of attitude statements and subjects are asked to express agreement or disagreement of a three-point scale. The scale used in this certification model is recommended to 1=low; 2=medium; 3=high.
On the subject of the behavioral attribute, the available model focuses on the correctness, complexity, efficiency, reliability, completeness and modularity for the performance of management information system, since they have the biggest impact on whether or not the system would be successful. These characteristics appear in all models and therefore, are considered as essential and vital. In general, selection criteria for product quality requirements include tradeoff between the quality characteristics and their priorities.
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Another selection criterion is the ability to collect the required data for the metric. Note that, in assessing the existing quality product, it is useful to examine the history of software components in actual use. The following equations (see Table 1 ) are used to compute the above mentioned software product quality metrics [2] , [3] , [7] , [11] . To satisfy the requirement of the membership function used in the fuzzy logic-based software assessment, the values of each attribute measurement (direct and indirect) need to be transformed into range [0,1] with Gaussian normalization method (see [16] for details). The beauty of this model is that software owner or the stakeholder has flexibility and authority to choose relevant weight values to reflect the the business requirements and constraints. It is normal in a business environment that in some situation certain quality attributes are more important than the others. Correctness Where DEi is the decision count (count of branching, condition and loop control statements) for the i-th module and m is the total number of software's modules.
Defect Removal Efficiency(DRE)
Employed to measure efficiency, where Er= number of errors found before software delivery, and the Dr= number of errors found after software delivery.
The degree to which a software system behaves robustly over time. MTBR represents the mean time between failure, and MTTR stands for mean time to repair.
The degree to which the software components implement all required capabilities and is determined by the use of calculation of cause/effect completeness (CE). Aexisting = number of remaining requirements, and Atot = total number of identified requirements. 
Ant Colony 0ptimizer for Fuzzy Rules Design
This module describes the main part of the proposed model, which integrates both of process and product quality attributes via ACO-based fuzzy domain. Inside the fuzzy logic approach, the first step is to transform the discrete values into continuous one, this process is called fuzzification. These are then manipulated in the fuzzy domain by an inference engine based on knowledge base (rule base and database) supplied by domain experts. Finally the process of translating back fuzzy members into single values is named defuzzification [15] - [17] . This unit considers all quality attributes' measurements obtained from the previous step as inputs and provides a crisp value of certification level as output using the ACO-based rule base. All input values can be classified into fuzzy sets as low (L), medium (M) and high (H). In order to fuzzify the inputs, the trapezoidal function is chosen. In addition the output variable (quality level) is classified into fuzzy sets as poor, basic, good and excellent using the triangular membership function.
It has been observed that the fuzzy systems produce a large rule set, thus affecting the interpretability of the system. Also the generated rule base is complex, thus making the overall inference system complex. One way to improve the interpretability of a fuzzy model consists of trying to identify rules as general as
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Journal of Software possible; so that each rule covers the highest number of examples and, this way, the size of the rule base diminishes. However, the goal of finding the optimal set of such general rules is not an easy task. It is possible to extend the syntax of the rules by associating more than one label to each input variable in the antecedent of the rule and by using other relational operators different from the usual equal-to operator. These rules called compound rules R denoted as [21] :
here, In this section, an ACO algorithm is utilized that tries to search for the best transformation of a fuzzy model described initially as a set of single rules in a set of compound rules. ACO is a meta-heuristic algorithm inspired by the behavior of real ants, and in particular how they forage for food with shortest route between their nest and a source of food. This is done using a chemical substance called pheromone trails, which ants deposit whenever they travel, as a form of indirect communication. The ACO is working as follows [22] To apply ACO algorithms to the problem of finding the optimal set of general fuzzy rules, the following steps have to be performed [23] , [24] : 1) Problem Representation: To apply ACO algorithms to the FRL problem, it is convenient to see it as a combinatorial optimization problem with the capability of being represented on a graph. Herein, there exist two types of edges that the ants will travel: (a) <i,0,0> allowing the ant to include the i-th initial rule in the set of compound rules to form the i-th compound rule R i . The work presented in this paper uses the method introduced in [19] to construct the set of initial rules. The basic idea is to divide the input space into a fuzzy grid and take the rules with a maximum certainty degree in every input fuzzy region of this fuzzy grid as follows : Journal of Software covers a region no rule will be selected; if several rules take the maximum certainty degree, one of them will be selected randomly.
(b) <i,j,k> allowing the ant to add to the i-th compound rule , R i , of the k-th label ,LK j,k ,from the fuzzy domain of the j-th input variable (i.e. amplifying a compound rule by adding one label to one of its premises). In this case, each ant will be randomly located in an initial rule (no more than one ant for each initial rule), so that this initial rule will be included in the set of compound rules of the ant. Subsequently, the ant will select one step among the feasible transitions at each ant state.
2) Define the way of assigning a heuristic preference: the heuristic function provides a way to guide the search to the paths containing a good accuracy issue (e.g. the number of positive initial rules the step covers) and a good interpretability subject (e.g. the width of the covering gained with the step). The heuristic function is defined as follows:
R cov is the number of the input regions of the fuzzy grid covered by the amplification zone and R pos is the number of the input regions with only positives initial rules, R max is the maximum number of input regions covered by the amplification zone, P is the rule's premises. Finally, the parameter  controls the influence of both accuracy and interpretability in the final value. In this case, each premise in the antecedents of the rules will be described by the ant with a set of labels associated with the corresponding input value.
3) Establish an appropriate way of initializing the pheromone: the pheromone trails refer to information shared by all the ants in the algorithm that stores the past experience collected by all of them about the good /bad selection in the steps. In this case, the initial amount of pheromone deposited in each arc of the graph is computed as:
N r is the number of initial rules and N v denotes the number of input variable. In this paper, a key issue in the pheromone deposit strategy is the definition of the interpretability level of a compound level. Therefore, the pheromone updating in each step s will be: 
N cr is the number of compound rules in the final solution,
refers to the compactness of the rule, and
is the complexity cost of each premise that defined as: . (11) 4) Define the fitness function: the fitness function establishes the quality of a solution. The measure will be the mean square error: the example e l , and l y being the known desired output. The closer to zero the measure is, the better the solution is.
Once the previous components have been defined, an ACO algorithm has to be given to solve the problem. In this respect, the original ant system version proposed in [23] has been implemented, which applies a random proportional rule for selecting each step and whose pheromone deposit mechanism is run once the solution is completed. An example of the solution obtained by the proposed ACO algorithm for a training set with 20 examples is the following rule base, where the parameters were set as M=5,  =0.25,  =0.1, the number of cycles was bound to 20, and the corresponding run finishes if all the ants in a cycle construct the same set of compound rules. using the rule viewer, the output is observed for a particular set of inputs using the Matlab fuzzy logic toolbox. The configuration of the utilized fuzzy system is shown in Table 2 .
The interpretability of fuzzy models is one of their key features. Due to it, this feature must be preserved and enhanced instead of being relegated to a secondary place. With this aim, an ACO algorithm has been proposed that finds good descriptions by means of compound rules of fuzzy models initially expressed with conventional single rules. The construction graph allows representing each solution as a sequential addition of labels to the premises in the antecedent, and from the cooperative behavior of the ants good combinations of compound rules emerge. 
Certification Presentation
This module presents certification-mapping procedure to obtain the associated certification level of the software product. The certification level is used to picture the overall performance of software process development practices. The certification level is determined by the crisp value c returned from defuzzification operation. The proposed model adopts the certification approach in [8] for identifying and naming of the certification level. This level is shown in Table 3 . It is important to note that the ranking of the utilized certification level is flexible and does not fix to the mentioned states. 
of evaluation is applied in a combination of the following approaches: 1) First party evaluation is related to internal product and process assessment; 2) Second party evaluation, is associated with acceptance evaluation on product before delivery; and 3) Third party evaluation, is the independent evaluation by an independent body or a testing laboratory [25] .
Evaluation of the Model
This section verifies the proposed certification model feasibility using real case study. The case study was carried out with a large governmental organization (Alexandria University-Egypt) and one of the systems in the university was selected to be assessed and certified. The selected system is a Management Information System (MIS) that is considered steady and being used broadly. The assessed system is a large system and operates in each Faculty in the University. During the assessment and certification exercise, the data were collected through multiple data gathering techniques, which include document reviewing, interviewing and observing. The data collection was conducted through a mutual outlook judgment among members in the team, which consists of the independent assessor, developer and users.
Based on the assumption that the assessment and certification can be repeated several times during the life span of the products; two assessments were carried out in two different periods to check the stability of the selected attributes to assess the software. The interim period between the assessments is about 6 months to evaluate the behavioral attribute metrics under diverse conditions. Following the data collection, data analysis was carried out and the results are shown in Table 4 . In this case, the result of quality for the direct' measuring attributes is in range between 75-80 %, while the result of the indirect' measuring attributes is 70%. The total quality score of this product is computed by averaging the attribute scores through the fuzzy inference engine. The total score of this product is 78.6 %. In this case, this score is mapped into the certification level to obtain the relevant certification status of this product. This shows that the software was developed and implemented with enough involvement of users and management, therefore the quality aspects is considered satisfactory and sufficient. In general, the application of the case study has demonstrated the feasibility and practicality of the proposed software's assessment model. The model provides beneficial information to the developers, owners as well as the stakeholders on the quality status of the system. Furthermore, this model has been developed to work with current requirements for certification and quality issues. The experience of this research reveals the potentials in supporting ACO based fuzzy logic technique as an alternative way to merge different attributes instead of attributes' weighting approaches [8] , [12] , [25] . In which, the weight values are assigned by the owner of the product based on its organizational requirements and expectations. A significant advantage of the suggested model is that it allows users to choose and design their implementation model of certification which fit with their organization's requirements and expectations.
The chart in Fig. 2 demonstrates the results in both assessments and illustrates the quality attribute's
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Journal of Software scores in more detail. The first assessment study is labeled in straight line while the second assessment study is labeled in a dotted line. In Kiviat chart the points fall in outer layer are considered better than the points in the inner layers. Each attribute is represented by axis and scores are plotted at the limits between 0-100%. Kiviat graph can be used to easily identify attributes that need attention in this process. Attribute that fall on the limit's outer layer is considered better quality compares to attributes at inner layers of this graph.
It is clearly shown in the chart that most attributes of the first assessment: correctness, modularity, completeness, usability, and complexity fall in the inner layer compared to the second assessment. This shows that the quality performance of the attributes is enhanced from the first to the second assessment. Whilst the other attributes: efficiency, reliability and integrity have degraded. This degradation may come from several problems such as system hangs and downs for some period of time. The recovery time normally long and it ranges from several minutes to one or two days. This problem causes the low score in efficiency and reliability. Furthermore, integration with other systems operating that causes difficulty to the users to switch from one system to another. The developed certification model does not only offering a mechanism for the certification process, but also providing an alternative mechanism for monitoring of quality and continuous improvement of software quality throughout its life span. There are at least three factors to be considered that influenced the certification level of a candidate software product. The three factors are the operation period in the environment of the candidate, second the weight factors of attributes of the candidate product, and third, the number of rules derived from ACO algorithm. The studies show that the longer the operating period of the software the better result of quality and certification level can be achieved. Clearly, this is true because the software has been updated and corrected accordingly and necessarily by the developers. This relates to the issue of maturity of the software. On the other hand, if the certification exercise is conducted periodically over some time intervals, an unexpected result may be seen because of the aging of the software. The second aspect that influences the result is the weight factors of the product. Without assigning weights factors to quality attributes, the results may indicate different level of certification. Thus, this model accommodates fuzzy logic-based weight factors for all attributes with different level of importance to reflect individual business requirements.
The third aspect that impacts the result is the number of compound rules for fuzzy rule base that can be extracted without leading to inconsistencies or malformations in the final fuzzy model. An inconsistency is produced when a compound rule covers negatively an initial rule (i.e., the compound rule has a different consequent than some of the initial rules it covers). A malformation will be provoked when two or more compound rules with the same consequent overlap in the input space, since they are providing -partially or totally-a redundant information. In general, the support of each compound rule can be defined as measuring the coverage of training patterns.
Conclusion
This work towards improving effort in the software certification process, particularly in outlining a system to assess software and determine the software quality status. The proposed model is derived from state-of-the-art certification systems with enhanced features and capabilities that considers both qualitative and user requirement aspects. The persuasive feature of this model is obtained through the hybridizing fuzzy inference tool with ant colony optimization, meta-heuristic engine to fuse different certification levels of software; process and product level.
The advantages of this model compare to other approaches are: (1) remove and eliminate bias assessment and unfairness evaluation by including fuzzy logic tool; (2) an ant colony optimization based local searcher is employed to find the optimal set of compound fuzzy rules to improve the interpretability of a final fuzzy model; (3) the utilized quality factors are derived from the up-to-date ISO model with additional characteristics to accommodate other aspects of software quality requirements;(4) it improves the involvement of participants of various people in the certification process; (5) it enables easy assessment and certification exercises and offers better guidance and procedures; and finally (6) the model able to handle multiple assessment and certification exercises easily and efficiently.
The application on case study has illustrated the practicality and feasibility of the model. Besides, the empirical results prove that the fuzzy-based integrated measures of quality shows a strong co-relation to the assessment accuracy with an aim of supporting certification process. The future model of certification has an intelligence capability and is able to improve itself in the environment. The next strategy is to enhance the model and practice in e-government applications.
